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(54) INJECTION-MOLDING MATERIAL 

(57)Abstract: 

PURPOSE: To prevent the nonuniform remaining of a binder in injection molding 
or sintering and to obviate the remaining of a large amt. of the binder from the 
standpoint of handleability. 

CONSTITUTION: The injection-molding material consists of a metallic or ceramic 
powder and a binder. The binder contains >2 kinds of resins and is unsoluble in a 
specified solvent. The material is obtained by coating the grain of the metallic or 
ceramic powder with a high-melting-temp, resin or arranging the resin around the 
grain and then mixing the powder with a low-softening-temp, resin soluble in the 
specified solvent. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the raw material for injection molding which consists of a metal, or 
the powder and binder of the ceramics. Are insoluble to the 1st predetermined 
resin meltable to a solvent and said predetermined solvent as a binder. The raw 
material for injection molding which covers said 2nd resin on the front face of the 



particle of said metal or ceramic powder, or arranges around a particle including 
the 2nd resin which has softening temperature higher than said 1st resin, 
subsequently kneads this powder and said 1st resin, and is obtained. 
[Claim 2] It is the raw material for injection molding which consists of a metal, or 
the powder and binder of the ceramics. The 1st resin meltable to a 
predetermined solvent as a binder, Are insoluble to the solvent which the 2nd 
insoluble resin and said 1st and 2nd resin dissolve in the solvent which said 1st 
resin dissolves. The raw material for injection molding which covers said 3rd 
resin on the front face of the particle of said metal or ceramic powder, or 
arranges around a particle including the 3rd resin which has softening 
temperature higher than these resin, subsequently kneads this powder and said 
1st and 2nd resin, and is obtained. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the raw material for injection 
molding used for an injection-molding sintering process. 



[0002] In an injection-molding sintering process, in order to obtain the sintered 
compact with which are satisfied of a dimension and a property, injection molding 
can be performed good, and cleaning is easy, and it is required to obtain the raw 
material for injection molding which defects, such as deformation, do not 
generate. 
[0003] 

[Description of the Prior Art] an injection-molding sintering process ~ if it is, a 
metal, or the powder and binder of the ceramics are kneaded and the raw 
material for injection molding is prepared. Next, it degreases and sinters and a 
sintered compact is obtained, after carrying out injection molding of this. 
[0004] As a binder, one sort or two or more sorts of resin etc. was used, this was 
put in block with the powder of a metal or the ceramics, was kneaded, and the 
raw material for injection molding was prepared until now. In this case, in order to 
perform injection molding good, the amount of binders was made into 40 to 55 
capacity % in many cases. The Plastic solid produced using this raw material is 
degreased by decomposing and dispersing a binder with heating. 
[0005] Moreover, the technique using the resin which dissolves in solvents, such 
as water or an organic solvent, is also in some or all of a binder. In this case, 
after immersing a Plastic solid in a solvent and dissolving some binders, cleaning 
by heating is performed. 
[0006] 

[Problem(s) to be Solved by the Invention] In the above-mentioned **** 
conventional technique, since 40 - 55 capacity % and a lot of binders were 
needed, at the time of cleaning by heating, it was easy to generate defects, such 
as deformation, a crack, and bulging, and cleaning time amount also needed to 
be lengthened. Moreover, by the technique of being immersed in a solvent before 
cleaning and extracting a meltable binder to a solvent using the resin which 
dissolves in solvents, such as water or an organic solvent, at some or all of a 
binder, although compaction of cleaning time amount and a defect's generating 
could be controlled to some extent, since it dissolved from the binder of the 



surface section of a Plastic solid, the binder tended to remain to the ununiformity. 
Moreover, in order to maintain the handling nature of a Plastic solid, one half 
extent of a binder total amount needed to be made to remain. 
[0007] This invention aims at solving the trouble of the extensive residual of the 
binder for the uneven residual of a binder, and handling nature maintenance in 
the technique using the resin which dissolves in solvents, such as water or an 
organic solvent, to some or all of a binder. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem according to this invention, it is the raw material for injection molding 
which consists of a metal, or the powder and binder of the ceramics. Are 
insoluble to the 1st predetermined resin meltable to a solvent and said 
predetermined solvent as a binder. Including the 2nd resin which has softening 
temperature higher than said 1 st resin, said 2nd resin is covered on the front face 
of the particle of said metal or ceramic powder, or it arranges around a particle, 
and the raw material for injection molding which subsequently kneads this 
powder and said 1st resin, and is obtained is offered. 
[0009] According to this invention, it is the raw material for injection molding 
which consists of a metal, or the powder and binder of the ceramics. The 1st 
resin meltable to a predetermined solvent as a binder, Are insoluble to the 
solvent which the 2nd insoluble resin and said 1st and 2nd resin dissolve in the 
solvent which said 1st resin dissolves. Including the 3rd resin which has 
softening temperature higher than these resin, said 3rd resin is covered on the 
front face of the particle of said metal or ceramic powder, or it arranges around a 
particle, and the raw material for injection molding which subsequently kneads 
this powder and said 1st and 2nd resin, and is obtained is offered. 
[0010] That is, in this invention, the temperature softened rather than the 1st 
resin which dissolves in solvents, such as water or an organic solvent, and this 
resin is high, and the 2nd resin which does not dissolve in one of the solvents 
which this resin dissolves is used as a binder. After covering a binder with higher 



softening temperature among said two sorts of binders to the powder of a metal 
or the ceramics or arranging to the perimeter of powder, a binder with this lower 
and the temperature to soften is kneaded, and the raw material for injection 
molding is prepared. An injection-molding object is formed using this raw material. 
This Plastic solid is immersed into a solvent and elution of all the binders that 
melt into a solvent is carried out. Then, sintering is performed and a sintered 
compact is produced, after performing heating cleaning etc. if needed. 
[0011] Or the temperature softened rather than the 1st resin which dissolves in 
solvents, such as water or an organic solvent, the 2nd resin which does not 
dissolve in this solvent that the 1st resin dissolves, and these resin is high, and 
the 3rd resin which does not dissolve in one of the solvents which these resin 
dissolves is used as a binder. After covering a binder (the 3rd resin) with the 
highest softening temperature among said three sorts of binders to the powder of 
a metal or the ceramics or arranging to the perimeter of powder, two sorts of 
remaining binders with low this and temperature to soften are kneaded, and the 
raw material for injection molding is prepared. An injection-molding object is 
formed using this raw material. This Plastic solid is immersed into a solvent and 
elution of the 1st resin is carried out. If there is furthermore need, it will be 
immersed in the solvent which the 2nd resin dissolves, and elution of the 2nd 
resin will be carried out. Then, sintering is performed and a sintered compact is 
produced, after performing heating cleaning etc. if needed. 
[0012] Moreover, in order to make good association with the resin arranged to 
covering or the perimeter of powder to powder and powder, the matter with a 
surface activity operation to the powder of a metal or the ceramics may be 
covered. Or the matter which has a surface activity operation at the time of 
kneading may be thrown in, and you may knead to coincidence. Subsequently, 
with having mentioned above, similarly, it kneads with meltable resin and 
meltable others to a solvent, and injection molding, extract, cleaning, and 
sintering are performed. 
[0013] 



[Function] The powder particle in a injection Plastic solid is mutually connected 
with others in order to form a bridge by the binder resin insoluble to a solvent 
which has covered or arranged the powder front face to the perimeter of powder. 
Therefore, even if it carries out elution of all the meltable binder resin to a solvent 
from this Plastic solid, handling nature is good [ a Plastic solid ], without 
collapsing. 

[0014] Moreover, since the binder insoluble to a solvent has covered the powder 
front face or is arranged to the perimeter of powder, the residual binder (binder 
insoluble to a solvent) after carrying out elution of all the meltable binders to a 
solvent will remain to homogeneity. Furthermore, since the binder which remains 
should just be a necessary minimum amount, it can lessen the amount of a 
residual binder at the bridge formation between powder. Moreover, according to 
the approach of this invention, it is also possible to control the amount of a 
residual binder to arbitration. 

[0015] Furthermore, the moldability of matter with a surface activity operation can 
improve, and it can also reduce the total amount of a binder while connection of 
resin and powder becomes strong and can reduce the amount of an insoluble 
binder to a solvent by using this, since there is work which connects a metal, or 
the powder and resin of the ceramics. 
[0016] 

[Example] Hereafter, an example explains this invention further. 
[0017] PMMA (polymethylmethacrylate) was used for PEG (polyethylene glycol) 
and water as the 2nd insoluble resin as the 1st resin meltable in example 1 water. 
Moreover, Fe-Co alloy powder with a mean particle diameter of 20 micrometers 
was used as metal powder. The binder total amount was made into 40 
capacity %. 

[0018] After kneading metal powder and PMMA at 180 degrees C for 1 hour, 
temperature was lowered to 100 degrees C, PEG was supplied, it kneaded for 
further 1 hour, and the raw material for injection molding was prepared. 
Independently, metal powder and the raw material which kneaded PEG and 



PMMA at 180 degrees C by the package for 1 hour were prepared as an 
example of a comparison. Injection molding of the 5x4x50mm cylindrical test 
piece was carried out using these raw materials. After immersing the Plastic solid 
in water for 1 to 10 hours and extracting PEG, the sampling volume of PEG was 
computed from weight change. Moreover, the handling nature of a Plastic solid 
was investigated. 

[0019] A result is shown in drawing 1 . In the case of the example of this 
invention, about 100% of PEG is eluted in 3 hours, but in the example of a 
comparison, after [ most ] 90% of PEG is eluted in 3 hours, it is not eluted. Since 
PMMA has covered powder with the example of this invention mostly and PEG is 
not incorporated in PMMA, this is accepted to be because it to be in the condition 
that PEG incorporated in PMMA cannot touch water in the example of a 
comparison to the ability of all the PEG(s) to begin to melt into water. 
[0020] In the example of this invention, to at least 100% having the good elution 
volume of PEG, if the elution volume of PEG exceeds 50%, about handling 
nature, the surface section will become easy to collapse in the example of a 
comparison. By this invention, the binder which should be extracted can be 
extracted from this nearly completely, and it turns out that the handling nature 
after an extract is also good compared with a conventional method. 
[0021] Moreover, it changed into PMMA, and the same result was obtained even 
if it used PS (polystyrene) or PE (polyethylene) with softening temperature it is 
similarly insoluble in water and higher than PEG. Furthermore, it changed into 
PEG, and the same result was obtained even if it used MC (meltable in methyl 
cellulose and water). It is possible not to choose the class of resin but to use any 
resin by this invention, from this, if the softening temperature of the resin which 
dissolves in a certain solvent is lower than the softening temperature of the resin 
which does not dissolve in the solvent. 

[0022] PE was used for PEG and water as the 2nd resin insoluble as the 1st 
resin meltable in example 2 water, and PMMA was used as the 3rd resin. 
Moreover, Fe-Co alloy powder with a mean particle diameter of 20 micrometers 



was used as metal powder. The binder total amount was made into 40 
capacity %. 

[0023] After kneading metal powder and PMMA at 180 degrees C for 1 hour, 
temperature was lowered to 120 degrees C, PEG and PE were supplied, it 
kneaded for further 1 hour, and the raw material for injection molding was 
prepared. On the other hand, metal powder and the raw material which kneaded 
PEG, PE, and PMMA at 180 degrees C by the package for 1 hour were prepared 
as an example of a comparison. Injection molding of the 5x4x50mm cylindrical 
test piece was carried out using these raw materials. After immersing the Plastic 
solid in water for 1 to 10 hours and extracting PEG, the sampling volume of PEG 
was computed from weight change. Moreover, the handling nature of a Plastic 
solid was investigated. 

[0024] When the amount of metal powder and the amount of PMMA were made 
to be the same as that of an example 1 (a part of PEG was replaced by PE), the 
reinforcement of a Plastic solid improved rather than the example 1. To a Plastic 
solid, when processing, polish, etc. need to be processed, the Plastic solid 
acquired using the raw material of this invention is large, and it is considered that 
reinforcement is more effective. 

[0025] A result is shown in drawing 2 . In the case of the example of this 
invention, about 80% of PEG is eluted in 3 hours, but in the example of a 
comparison, after [ most ] 60% of PEG is eluted in 3 hours, it is not eluted. 
PMMA has covered powder with the example of this invention mostly, and this is 
accepted to be because for PEG to be incorporated in PE and PMMA in the 
example of a comparison to PEG being incorporated by only PE. 
[0026] About handling nature, in the example of this invention, if the elution 
volume of PEG exceeds 50% in the example of a comparison to being good at 
least 80% of max [ elution volume / of PEG ], the surface section will become 
easy to collapse. By this invention, more binders which should be extracted 
compared with a conventional method while it is possible to raise the 
reinforcement of a Plastic solid can be extracted from this, and it turns out that 



the handling nature after an extract is also good. 

[0027] Furthermore, although resin was changed and same investigation was 
conducted like the example 1, as long as the conditions about softening 
temperature were fulfilled, it was checked that the same effectiveness is acquired. 
[0028] An oxidation type PE or stearin acid was used as example 3 surfactant. 
Both these two surfactants have a chemical formula called CH3 n COOH (CH2), 
and n= about 140 stearin acid of an oxidation type PE is n= 17. These 
surfactants can be covered to powder by making it dry, after making it dissolve in 
heat ethanol and mixing with powder. 

[0029] When the same experiment as examples 1 and 2 was conducted using 
the powder which covered the surfactant, the result same about an extractability 
and handling nature was obtained. Furthermore, the powdered fluidity improved. 
[0030] When a surfactant was kneaded to the resin (or it should arrange around) 
and coincidence which should be covered to powder, the same result as this was 
obtained. 

[0031] In example 4 this invention, the binder total amount was changed with 20 - 
50 capacity %, and the same experiment was conducted, resin with high 
softening temperature - powder -- covering (or it arranging around) -- a fluidity 
improves rather than a conventional method. Furthermore, a fluidity improves 
further by adding the matter with a surface activity operation, each binder total 
amount is shown in drawing 3 , when the fluidity of the raw material for injection 
molding with the maximum fluidity in this invention and the raw material for 
injection molding by the conventional method is compared - as -- the raw 
material of this invention - a binder total amount - 15 capacity % -- even if low, it 
turned out that the same fluidity as a conventional method is acquired. Moreover, 
in the raw material of this invention, the minimum binder total amount in which 
injection molding is possible was 25 capacity %. 

[0032] The sample which does not perform the sample after example 5 extract 
(the sampling volume was made into 80% of the binder total amount) and an 
extract was degreased. The shortest cleaning time amount which the defect 



about a sample does not generate, respectively is shown in drawing 4 . In the 
case of the same binder total amount, by extracting, cleaning time amount can 
be shortened from the raw material of this invention 1 / 5 - 1/4. Even if it adds 
extract time amount required in the case of the raw material of this invention, 
cleaning time amount can be shortened or less to 1/3. 

[0033] When the sample after cleaning was sintered at 1430 degrees C among 
hydrogen gas for 1 hour, the sintered compact of 95% of consistencies was 
obtained. Moreover, there was also no generating of defects, such as a crack. 
[0034] When a binder was extracted and the amount of a residual binder was 
made into about [ 1/5 or less ] by the volume ratio with metal powder (for 
example, about 63% of binder will be extracted if a binder total amount is 35 
capacity %), the sintered compact which does not have a defect, without the 
continuous system sintering furnace which has a delow function performing a 
cleaning process was able to be produced, furthermore, when it considered as 
about [ 1/8 or less ] by the volume ratio (said ~ 77%), the sintered compact which 
does not have a defect, without the sintering furnace which does not have a 
delow function performing a cleaning process was able to be obtained. 
[0035] 

[Effect of the Invention] According to the raw material for injection molding of this 
invention, it can handle, even if it lessens the amount of binder residuals after 
elution, and a binder can be made to remain to homogeneity, as stated above. 
While being able to shorten cleaning time amount sharply by this, it is possible to 
suppress poor cleaning. Furthermore, it is also possible to progress to a sintering 
process immediately after an extract process, without performing a cleaning 
process. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the experimental result obtained in the 
example 1. 

[Drawing 2] It is the graph which shows the experimental result obtained in the 
example 2. 

[Drawing 3] It is the graph which shows the experimental result obtained in the 
example 4. 

[Drawing 4] It is the graph which shows the experimental result obtained in the 
example 5. 
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[Drawing 1] 
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